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NOVELTY - A laser beam emitted from a source, is divided into five 
different beams which are received collectively by a lens at a 
prescribed point. The beams received by the lens, are incident on a 
photoresist material (3), so as to produce photonic crystal by 
interference of laser beams. 

USE - For manufacturing photonic crystal with diamond structure. 

ADVANTAGE - The photonic crystal is manufactured reliably and 
easily. 

DESCRIPTION OF DRAWING(S) - The figure shows an outline side view 
explaining the photonic crystal manufacturing process, 
photoresist material (3) 
pp; 5 DwgNo 1/5 



JP2003084158A 

Bibliographic Fields 

Document Identity 

(19)[fSfrS] 
B*HMMW(JP) 

(i2)[fi«an] 

»IW»IMi«(A) 
(ll)[4MMHI] 

4#M2003-841 58 (P2003-841 58A) 
(43)[^B3B1 

¥J£15*£3£19B(2003. 3. 19) 

Public Availability 
(43)[^SB] 

5^3^198 (2003. 3. 19) 

Technical 
(54)[«W0>«»] 

(5i)[HB»»»a*7lK] 

G02B6/13 

1/02 

5/18 

6/12 

HOIS 3/00 
[FI] 

G02B 1/02 
5/18 

HOIS 3/00 A 

G02B6/12M 

N 

Z 

[R*a«>ik] 

6 

OL 



2003-3-19 



(19) [Publication Office] 

Japan Patent Office (JP) 

(12) [Kind of Document] 

Unexamined Patent Publication (A) 

(11) [Publication Number of Unexamined Application] 

Japan Unexamined Patent Publication 2003 - 84158 (P2003 - 
841 58A) 

(43) [Publication Date of Unexamined Application] 
Heisei 15 year March 19 day (2003.3 . 19) 

(43) [Publication Date of Unexamined Application] 
Heisei 15 year March 19 day (2003.3 . 19) 

(54) [Title of Invention] 

BY INTERFERENCE OF LASER BEAM 
MANUFACTURING METHOD OF PHOTO NICK 
CRYSTAL OF DIAMOND STRUCTURE 

(51) [Internationa! Patent Classification, 7th Edition] 

G02B6/13 

1/02 

5/18 

6/12 

H01S 3/00 
[FI] 

G02B 1/02 
5/18 

H01S 3/00 A 

G02B6/12M 

N 

Z 

[Number of Claims] 
6 

[Form of Application] 
OL 



Page 1 Paterra Instant MT Machine Translation 



JP2003084158A 

5 

[^-7Z.-K(##)] 

2H0472H0495F072 

[F*-A(##)] 

2H047 KA03 LA 18 PA22 PA28 QA05 RA08 
TA05 TA41 2H049 AA02 AA25 AA34 AA43 
AA65 5F072 KK07 KK09 YY20 

Filing 

[«**] 

*»# 

(21) CfflM##] 

<8H2001 -274237 (P2001 -274237) 

(22) [tB«H] 

¥JS1 3^9^108 (2001. 9. 10) 
Parties 
Applicants 

(71) [ffig3A] 

501 103000 

[ft*xii«fl;] 

#JI|ftiSftrti3tl(Drt2§5^ 
Inventors 

(72) [f&H#] 
[ft*] 

IttPJfXIiSrJf] 

®a>»SSgrfr*SBT*l§840-39 

(72)[&B#] 
[ft*] 

taa sat 

[fiRlrXliSfiff] 



2003-3-19 

[Number of Pages in Document] 
5 

[Theme Code (For Reference)] 
2 H0472H0495F072 
[F Term (For Reference)] 

2 H047 kA 03 LAI 8 PA22 PA28 QA05 RA08 TA05 TA41 
2H049 AA02 AA25 AA34 AA43 AA65 5F072 KK07 KK09 
YY20 

[Request for Examination] 
Unrequested 

(21) [Application Number] 

Japan Patent Application 2001 - 274237 (P2001 - 274237 ) 

(22) [Application Date] 

Heisei 13 year September 10 day (2001.9 . 10) 

(71) [Applicant] 
[Identification Number] 
501,103,000 

[Name] 

SHIKOKU TECHNOLOGY LICENSING 
ORGANIZATION 

[Address] 

Kagawa prefecture Takamatsu City Marunouchi 2-5 

(72) [Inventor] 
[Name] 

Misawa Hiroaki 
[Address] 

Tokushima Prefecture Tokushima City Oya-machi large 
opening 40 - 39 

(72) [Inventor] 

[Name] 

Matsuo Shigeki 
[Address] 



Page 2 Paterra Instant MT Machine Translation 



JP2003084158A 

«ftR«ftiH*« = »Br2Ta52-3 +tt 
7>V3> 

Agents 
(74)[«SA] 

100074354 

c#a±i 

Mffi «3i WIS) 
Abstract 

(S7)[WM 

mm: 

Ut-D<Dls— tf-tf-A£. «t>ibftSEi:. C<D+ 

mmti. ^o»»-r«#^<De-AiBi«jt»L 

IM ftj£ro¥tTt*-Afr 5 ft JiilcttSl-f 

-So 

CO 5 ft£ £U>X7 -eftStti* 2 ir* jW*. 
2 left ICSIS-T -5ft bv7.h*t^ 3 * 



2003-3-19 

Tokushima Prefecture Tokushima City north normal 
Mishima-cho 2-Chome 52-3 Nakamura apartment 

(74) [Attorney(s) Representing All Applicants] 

[Identification Number] 

100074354 

[Patent Attorney] 

[Name] 

Toyosu Yasuhiro (1 other ) 
(57) [Abstract] 

[Problems to be Solved by the Invention] 

photo nick crystal of diamond structure is produced simply. 

[Means to Solve the Problems] 

One laser beam, being parallel with center light flux and this 
center light flux, spacing leaving which is equal from center 
light flux, it divides into 5 light flux whichalso each beam 
spacing which at same time is adjacent consist of the parallel 
beam of equal 4 light flux. 

These 5 light flux with lens 7 focusing are done in focusing 
domain 2. 

Arranging photoresist material 3 which reacts to light in 
focusing domain 2, itproduces photo nick crystal of diamond 
structure with photoresist material 3. 
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[Claim(s)] 
[Claim 1] 

In predetermined thickness laser beam which focusing is 
done, being parallel with center light flux and this center light 
flux, spacing leaving which is equal from the center light flux, 
it divides into 5 light flux which also each beam spacing 
which at sametime is adjacent consist of parallel beam of 
equal 4 light flux, focusing it does 5 light flux which are 
divided with lens, focusing doing 5 light flux, arranging 
photoresist material which reacts tolight in focusing domain 
which becomes, having with this photoresist material, 
itproduces photo nick crystal of diamond structure by 
interference of the laser beam which is made feature 
manufacturing methodo of photo nick crystal of diamond 
structure 

[Claim 2] 

By interference of laser beam which is stated in Claim 1 
whichdesignates cross angle of center light flux and 4 light 
flux as 20 - 80 degrees the manufacturing methodo of photo 
nick crystal of diamond structure 

[Claim 3] 

With laser beam of 5 light flux as thickness of 0. 1 - 1 mm 
diameter in focusing domain focusing by interference of laser 
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Specification 

[0001] 

[0002] 

[ft*©JSffi] 

*<Da*sa©H«*i#o«/jx«jsihttr^ 

[0003] 



beam which is stated in Claim 1 which is done manufacturing 
methodo of photo nick crystal of diamond structure 

[Claim 4] 

laser beam which divides laser beam into laser beam of plural 
directionwith diffraction optical element, is divided by 
interference of laser beam which isstated in Claim 1 which is 
made parallel light beam with second lens manufacturing 
methodo of photo nick crystal of diamond structure 

[Claim 5] 

laser beam is divided into laser beam of plural direction with 
diffraction optical element,laser beam which is divided is 
designated as parallel light beam with second lens,parallel 
light beam with 31 3¥ sheet which laser beam is transmitted, 
byinterference of laser beam which is stated in Claim 1 which 
is made 5 light flux which are a parallel light beam 
manufacturing methodo of photo nick crystal of the diamond 
structure 

[Claim 6] 

By interference of laser beam which is stated in Claim 1 
which uses photocuring resin for photoresist material 
manufacturing methodo of photo nick crystal of diamond 
structure 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards method which produces photo nick 
crystal of the diamond structure. 

[0002] 

[Prior Art] 

Any microstructure things which have cycle of light 
wavelength extent "photo nick crystal " with beingcalled, 
recently are observed very as can control propagation or other 
property of light. 

Especially, photo nick crystal of diamond structure, reflecting 
light ofspecific wavelength which incidence is done in all 
directions, has theunique property which it does not transmit, 
like mirror only light ofl direction with those which are 
reflected shows unique property which cannot be actualized. 

Not be able to produce photo nick crystal of diamond 
structure of this kindof property, simply, simple 
manufacturing method is desired. 

[0003] 



Page 5 Paterra Instant MT Machine Translation 



JP2003084158A 



2003-3-19 



[0004] 

CO+j&3lfcJltfc¥ff'e*o"C. 

frt>mu*r$fmtis *oiii*-r***©e- 

mux. 5 ***»*LT*-6«*«*rc3fclc 

xh#*moT***^>K«ift©7*h-** 



[0005] 

+ t>**fc 4 *3fl©;£^Sl*. W£L<I± 
20-80 Jtt-TSo 

5 **©U— If— e— Ali, tztA.it O.Mmm 
[0006] 

[J6W©S?*©»tB] 

BIT. **W©*ite«*Haic*-Jl^TttW 
lc**y***:/K*ift©7*h-^ttfl©« 

jft*a*«*-r*ti©-efcoT. 

-?*«fi©«**a*Tffilcft£Ui:i*. 



[Problems to be Solved by the Invention] 

this invention solves this deficiency is something which was 
developedin objective. 

Important objective of this invention is to offer method which 
quite canproduce photo nick crystal of diamond structure 
simply. 

[0004] 

[Means to Solve the Problems] 

manufacturing method of photo nick crystal of diamond 
structure, laser beam which the focusing is done, it is parallel 
with center light flux and this center light flux in the 
predetermined thickness, spacing leaving which is equal from 
center light flux, divides into 5 light flux which also each 
beam spacing which at same time is adjacent consistof 
parallel beam of equal 4 light flux by interference of laser 
beam of the this invention, focusing doing 5 light flux which 
are divided with lens, focusing doing 5 light flux, arranging 
photoresist material which reacts to light in focusing domain 
which becomes, having with this photoresist material, it 
produces photo nick crystal of diamond structure. 

[0005] 

cross angle of center light flux and 4 light flux makes 
preferably 20-80 degrees. 

focusing it does laser beam of 5 light flux, in focusing domain 
as thickness of for example 0.1-1 mm diameter. 

It divides laser beam, into laser beam of plural direction with 
the diffraction optical element, it can designate laser beam 
which is divided as parallel light beam with second lens. 

Furthermore, parallel light beam with M 9t sheet which 
transmits laser beam,can be designated as 5 light flux which 
are a parallel light beam. 

photocuring resin can be used to photoresist material. 
[0006] 

[Embodiment of the Invention] 

Below, Working Example of this invention based on the 
drawing is explained. 

However, Working Example which is shown below, being 
something whichillustrates manufacturing method of photo 
nick crystal of diamond structure byinterference of laser beam 
in order implementation to do technical concept of the this 
invention, manufacturing method of photo nick crystal 
specific does not do the this invention on description below. 
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[0007] 

Figure 1 and Figure 2 after separating laser beam of one, the 
focusing doing, show equipment which produces photo nick 
crystal of the diamond structure. 

laser beam 1 of 5 light flux focusing it does this equipment, 
arranges photoresist material 3 in focusing domain 2, hardens 
photoresist material 3 locally ininterference action of laser 
beam 1 and produces photo nick crystal of diamond structure. 

photoresist material 3 is photocuring resin which hardens 
portion whichirradiated light, it is a negative type photoresist 
material. 

Being irradiated by light, it hardens this photocuring resin. 

Therefore, as for portion where laser beam is strongly 
irradiated ithardens rapidly in comparison with portion which 
is irradiatedweakly. 

In photoresist material 3 not to be only a negative type 
photoresist material, reacting to light, it canharden, or portion 
where light was irradiated without hardening,also positive 
type photoresist material which portion where light is not 
irradiated hardensit can use. 

portion where light was irradiated is not hardened, when 
positive type photoresist material which portion where light is 
not irradiated hardens is used, the photo nick crystal where 
lattice point of diamond structure becomes empty gap 
ispossible. 

[0008] 

Arranging photoresist material 3 in focusing domain 2, when 
focusing it does the laser beam 1 of 5 light flux with focusing 
domain 2, laser beam 1 of 5 light flux causesinterference 
action. 

Each laser beam in predetermined thickness is light flux 
which focusing is done in the domain which designates light 
flux* for example diameter which focusing is done as 0. 1 - 1 
mm diameter* preferably 0.5 mm diameter. 

laser beam 1 of namely, 5 light flux is not line where each one 
does not have thickness, is cylindrical light flux which 
designates diameter as aforementionedrange. 

[0009] 

laser beam 1 of 5 light flux which focusing are done being 
focusing domain 2 in the cylinder, when focusing it is done, 
interfering mutually, interference fringe cando each laser 
beam. 

laser beam of plural is reinforced, with portion which 
becomes the equal phase mutually as for laser beam mutually. 
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Becomes in opposite direction, with portion where laser beam 
of plural becomes reverse phase laser beam weak. 

As shown laser beam 1 of 5 light flux, in Figure 1 and Figure 
2, when withspecific state focusing it does with focusing 
domain 2, interference fringe of the laser beam becomes 
strongest with lattice point of diamond structure. 

[0010] 

Way it shows in Figure 1 and Figure 2, when focusing doing 
the laser beam 1 of 5 light flux with focusing domain 2, laser 
beam being interference action in-plane 1 - 5 of focusing 
domain 2 in, point which becomes strongest hasbeen shown 
Figure 3 * with. 

As for 1 ^ 5 with plane which crosses in center light flux, 
spacing (d )of 1 and 5 when 4 light flux and angle which 
center light flux crossesdesignating as the;th as wave length; la 
of laser light, is the d=;la / (1 -cos;th). 

2 and 3 and 4 is surface which between 1 to 5 has been 
arrangedin equal spacing. 

In Figure 3, it becomes lattice point where laser beam 
becomes strongestin four corners and center point regarding 
in-plane of 1. 

Regarding in-plane of 2, 3 and 4, all lattice point of 1 slipping 
1/4 at atime, it becomes same lattice point with 5. 

Way 1 - 5 those where lattice point slips become lattice point 
of diamond structure which is shown in Figure 4. 

Therefore, in focusing domain 2, laser beam 1 of 5 light flux 
interfering, pointwhich becomes strong becomes same as 
lattice point of diamond structure. 

Figure 3, in order to be easy to understand, has shown lattice 
point of diamond structure of 1 unit, but in actuality it occurs 
with state which lattice point of this diamond structure 
continues in steric in focusing domain 2. 

Therefore, when photoresist material 3 is arranged in focusing 
domain 2, photoresist material 3, continuing diamond 
structure in steric, becomes photo nick crystal which 
becomes. 

[0011] 

In Figure 3, spacing (D ) of lattice point of diamond structure 
is displayed withformula below. 

D=2 a5 ;la/sin;th 

Because complete diamond structure is D=d, when 2 
<sup>0.5 satisfying the;la/sin;th =;la / (1 -cos;th), it becomes 
photo nick crystal of complete diamond structure. 

Value of tilt angle;th which satisfies this formula is 70.5 
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degrees. 

Therefore, when tilt angle;th of 4 light flux and center light 
flux is designated as70.5 degrees, with focusing domain 2 
photo nick crystal of ideal diamond structure isproduced. 

Simply, this tilt angle making small in comparison with 70.5 
degrees, itmakes photo nick crystal of diamond structure 
which extends to axial direction of center light flux long, it is 
possible , enlarging in addition incomparison with 70.5 
degrees, it can make photo nick crystal of the diamond 
structure which was compressed to direction of center light 
flux. 

Therefore, with 4 light flux and tilt angle of center light flux 
as 20 - 80 degrees,to be long or photo nick crystal of short 
diamond structure is acquired in axial direction of center light 
flux. 

[0012] 

Like above, laser beam 1 of 5 light flux with focusing domain 
2 equipment which the focusing is done is shown in Figure 5. 

This equipment with laser beam which passes second lens 5 
and second lens 5 whichdesignate each laser beam which is 
separated with diffraction optical element 4 and this 
diffraction optical element 4 which separate laser beam of 1 
as parallel light beam, JK 9£ sheet 6 whichopens through 
hole which passes only necessary ones and laser beam 
whichpasses 2£ 9$ sheet 6 has lens 7 which focusing is done 
for the focusing domain 2. 

[0013] 

diffraction optical element 4 being something which is 
marketed as diffraction beam splitter, uses the G1029A of 
MEMS optical, In c make of for example America. 

This diffraction optical element separates one laser beam into 
8 horn laser beam. 

[0014] 

second lens 5 with convex lens 7, designates laser beam 
which is separated with diffraction optical element 4 as 
parallel light beam. 

second lens 5, arranging diffraction optical element 4 in 
focus, designates laser beam which incidence is done as 
parallel light beam from diffraction optical element 4. 

[0015] 

31 3$ sheet 6 as, shown in front view of Figure 5 with such 
as the metal sheet which does not transmit lens, has opened 
laser beam 9 of the center light flux and through hole 8 which 
passes laser beam 10 of 4 light flux. 

through hole 8 4 light flux from center light flux is same 
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distance, with position where at same time also spacing 
between 4 light flux becomes the equal spacing, is opened in 
position which passes laser beam which isseparated with 
diffraction optical element 4. 

center light flux of Jg 3$ sheet and spacing of through hole 
which passes laser beam of 4 light flux make for example 4 
mm. 

However, distance of through hole which laser beam of center 
light flux and 4 light flux is passed can also make 1 - 20 mm. 

[0016] 

Being arranged in laser beam 9 of center light flux and inside 
perpendicular plane, the laser beam 1 of 5 light flux which 
consist of laser beam of center light flux and 4 light flux 
focusing it does lens 7, with focusing domain 2. 

Because focusing domain 2 becomes focal distance of lens 7, 
photoresist material 3 isarranged in focal distance of lens 7. 

Passing lens 7, thickness of laser beam which focusing is 
donemakes for example 0. 1-1 mm diameter* preferably 0.5 
mm diameter in focusing domain. 

[0017] 

equipment above produces photo nick crystal of diamond 
structure with the method below. 

diffraction optical element 4 separates laser beam which 
focusing is done into laser beam of plural in predetermined 
thickness. 

As for laser beam which is separated, after being modified to 
parallel light beam with second lens 5, laser beam of parallel 
light beam transmitting JS 3$ sheet 6, laser beam of center 
light flux and 4 light flux is selected. 

laser beam of center light flux and 4 light flux which are a 
parallel light beam mutually with the lens 7 focusing is done 
in focusing domain 2. 

With focusing domain 2 laser beam which focusing is done 
causes interference fringe with predetermined pitch, 
photoresist material 3 is hardened with this interference fringe 
as lattice point of diamond structure. 

[0018] 

center light flux arranging second lens 5 and 21 3£ sheet 6 
and lens 7, in in-plane which crosses, laser beam of 1 it 
separates equipment in thefigure, into center light flux and 4 
light flux, focusing doing laser beam whichconsists of center 
light flux and 4 light flux in focusing domain 2, arranging 
here,hardening photoresist material 3 with lattice point of 
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diamond structure, it produces photo nick crystal. 
[0019] 

[Effects of the Invention] 

this invention quite can produce photo nick crystal of 
diamond structure simply. 

That to designate laser beam of one, as laser beam of 5 light 
flux which consist of 4 light flux which are center light flux 
and equal spacing, focusing doing this with lens, providing 
photoresist material in focusing domain,because photo nick 
crystal of diamond structure is acquired. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

outline side view of equipment which produces photo nick 
crystal of the diamond structure with method which depends 
on Working Example of this invention 

[Figure 2] 

outline oblique view of equipment which produces photo nick 
crystal of the diamond structure with method which depends 
on Working Example of this invention 

[Figure 3] 

top view which shows interference fringe in focusing domain 
of equipment of the Figure 1 

[Figure 4] 

oblique view which shows lattice point of diamond structure 
[Figure 5] 

side view of equipment which is used for method of this 
invention and front view of 31 3$ sheet 

[Explanation of Symbols in Drawings] 

1 

laser beam of 5 light flux 
10 

laser beam of 4 light flux 
2 

focusing domain 
3 

photoresist material 
4 

diffraction optical element 
5 
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second lens 
6 

S sheet 
7 

lens 
8 

through hole 
9 

laser beam of center light flux 
[Figure 1] 



[02] 




[Figure 2] 



[B3] 



[Figure 3] 
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